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Summary
Introduction: Most computer-assisted navigation systems used in total hip arthroplasty (THA)
reference the anterior pelvic plane, which connects the anterior superior iliac spines and the
pubic symphysis. The pelvic tilt is deﬁned as the angle between this anterior pelvic plane (APP)
and a vertical line in the standing position. Important interindividual variations of this angle
have been reported and may affect ﬁnal functional anteversion of the acetabular cup. The pre-
operative value of the pelvic tilt has been included in computer-assisted navigation systems to
improve acetabular cup positioning. However, there is no data available which strongly conﬁrms
the consistency of this angle for each individual after hip prosthesis implantation.
Hypothesis: The orientation of the APP in the standing position is not signiﬁcantly modiﬁed
after THA.
Objectives: To evaluate in a prospective manner, the reproducibility of pelvic tilt measurement
and its variability between THA preoperative and 3-year postoperative measurements.
Materials and methods: A lateral teleradiograph of the pelvis and dorsolumbar spine was
obtained in the standing position preoperatively and 3 years after THA. Fifty patients under-
going THA performed by a single operator via an anterolateral approach (26 males and 24
females) were included prospectively. The pelvic tilt was measured on radiographs by two
independent observers. The angle was deﬁned as positive in case of pelvis retroversion relative
to the vertical plane and negative in case of anteversion. Bland-Altman analysis was used to
assess levels of agreement between both operator measurements while preoperative and last
follow-up measurements were compared using the Student t-test for unpaired samples.
Results: The level of agreement between measurements of both operators was satisfactory.
Mean preoperative pelvic tilt was 4.68◦ ± 0.68 S.D. (−6◦ to 14◦), and 4.78◦ ± 0.64 S.D. (−5◦
to 14◦) at last follow-up. The mean difference between preoperative and last follow-up
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measurements was 3◦ ± 0.3 S.D. There was no statistically signiﬁcant variation between preop-
erative and 3-year follow-up values (p > 0.05). Ninety-ﬁve percent of the patients had less than
a 5◦ difference between both measurements while 5% had a difference ranging from 5◦ to 10◦;
none of the patients reported a variation greater than 10◦.
Discussion: Our ﬁndings show no signiﬁcant variation in pelvic tilt between preoperative and
3-year follow-up values after THA. Therefore, the individual preoperative value of this angle
should be integrated to achieve proper acetabular cup placement during THA especially when
using computed assisted navigation based on the APP.
Level of evidence: Level III prospective diagnostic study.
© 2009 Elsevier Masson SAS. All rights reserved.
Figure 2 Angle of pelvic tilt (alpha angle) is deﬁned as the
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iIntroduction
Computer-assisted total hip arthroplasty (THA) results in a
lower risk of acetabular component malposition by reducing
the standard deviation relative to the targeted reference
[1—6]. Two types of computer navigation systems have been
described. The ﬁrst one is functional [7], and provides
proper alignment of both cup and femoral components thus
resulting in an optimal range of motion. The second type
relies on anatomical bony landmarks to determine angles
of positioning and patient’s position within the 3D space.
This essential element requires the use of the anterior pelvic
plane (also called Lewinnek plane) as the reference plane
connecting the anterior and superior iliac spines and the
pubic symphysis (Fig. 1).
Most computer navigation systems assume this plane is
globally vertical which creates an artiﬁcial alignment of the
anterior superior iliac spines and the pubic symphysis. How-
ever, it has been demonstrated that the anterior pelvic plane
differs from the vertical plane [8,9] and reports important
interindividual variations [10]. To make up for this prob-
lem, the angle of pelvic tilt (alpha angle), reﬂecting the
degree of pelvic anteversion or retroversion, was deﬁned
in the standing position as being the angle formed between
the anterior pelvic plane and a vertical line connecting the
anterior and superior iliac spines (Fig. 2). This angle should
always be considered otherwise it may have important con-
sequences on functional cup position [11]. A 5◦ error or
variation in the sagittal plane may produce a range of error
of 5◦ in cup anteversion. That is why this angle should be
Figure 1 Anterior pelvic plane, connecting the anter
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ingle between the anterior pelvic plane and the vertical plane.
his angle is positive in case of pelvic anteversion and negative
n case of pelvic retroversion.
ntegrated in computer navigation software. This angle isior superior iliac spines and the pelvic symphysis.
btained on lateral radiographs in the standing position,
uperimposition of anterior and superior iliac spines being
eﬁned as the success criterion. Adding the individual angle
f pelvic tilt to the common parameters of computer nav-
gation will help correct the reference plane according to
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ach patient’s speciﬁc lumbopelvic statics in the stand-
ng position. Patient’s speciﬁc parameters, measured in the
eight-bearing position will allow more accurate acetab-
lar component placement. However, it requires a good
epeatability and consistency between pre- and postopera-
ive measurements for each patient. According to our initial
ypothesis, the alpha angle of pelvic tilt, which reﬂects the
agittal orientation of the pelvis within the space in a stand-
ng patient, was stable at three years after THA. Therefore,
he two objectives of this study were ﬁrst to assess the inter-
nd intraobserver agreement between different series of
easurements and secondly to conﬁrm there is no varia-
ion of this angle after THA [12] in order to integrate this
arameter in computer navigation systems.
aterial and methods
eatures of the study
ifty patients with primitive osteoarthritis of the hip were
ncluded in this prospective nonrandomized study over a
eriod of 3 years, between 2002 and 2005. Pre- and post-
perative pelvic tilt measurement was performed in each
atient by two independent observers in order to evaluate
he reproducibility and repeatability of the different series.
nly patients with primitive unilateral osteoarthritis of the
ip were included in the study, while those with bilateral
steoarthritis and having previously undergone arthroplasty
r suffering from severe spinal arthrosis [13] were excluded.
he series included 26 males and 24 females with a mean
ge of 64 years (47—81 years) and mean BMI of 28 kg/m2
24—32 kg/m2).
perative technique
ll selected patients were operated on by two senior
urgeons (JMA and JNA) via a Watson-Jones anterolat-
ral approach and with the same operative protocol, in
strict supine position. A single uncemented acetabular
InlockTM, Symbios, Yverdon) and femoral (SymbiosTM, Sym-
ios, Yverdon) component was implanted in all patients.
ostoperatively, all patients followed the same rehabilita-
ion protocol.
ethods of measurement
standardized pre- and postoperative radiographic protocol
as used in all patients. Lateral radiographs were obtained
n the standing position with the hip in extension and the
rm resting at 90◦ on a support, at equal distance from
he tube, on large radiographic tapes. Radiographic suc-
ess criterion was deﬁned as proper superimposition of the
nterior superior iliac spines (Fig. 3). Preoperative radio-
raphic assessment was based on a lateral teleradiograph of
he lower limbs which included pelvis and lumbar spine to
heck the absence of any lumbar pathology in the selected
atients. The same radiographic view was taken at 3-year
ollow-up, thus allowing optimal comparability between
oth series of images.
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rigure 3 Angle of pelvic tilt measurement before (a) and
fter (b) total hip arthroplasty.
The pelvic tilt was measured preoperatively and at 3-year
ollow-up in all selected patients. This angle was deﬁned as
he angle formed by a line drawn from the anterior superior
liac spines to the pubic symphysis (anterior pelvic plane)
nd the vertical line connecting the anterior superior iliac
pines. This angle was positive in case of pelvis retroversion
nd negative with the pelvis in anteversion.
Each pre- and postoperative measurement was per-
ormed twice by two observers, independent from the
perators (BB and SP), to assess the reliability of the pelvic
ilt measurements and investigate any signiﬁcant variation
f this angle after THA. The absence of statistically sig-
iﬁcant pelvis incidence variation, in daily practice [14],
hich is an anatomical parameter therefore non-correlated
ith pelvic position within the space, was investigated to
heck the agreement between the series of measurements
erformed by the two observers.
Postoperatively, proper orientation of the acetabular
omponent was also radiographically assessed according to
he Widmer method [15] to exclude any pelvic statics mod-
ﬁcation due to implant malposition.
tatistical analysis
tatistical analysis was performed by the Hospital computer
epartment using the SPSS 12.0 software (Chicago, Illinois).
irst, inter- and intraobserver variability of pelvic tilt mea-
urement was quantiﬁed using the Bland Altman method
16]. Then unpaired t-test and Pearson’s intraclass corre-
ation coefﬁcient [17,18] between the different series of
re- and postoperative measurements were performed to
valuate de degree of pelvic tilt variation before and after
HA in all patients. Individual pelvic tilt variations were also
nalyzed between pre- and postoperative examination and
xpressed as a percentage of patients with a less than 5◦,
anging from 5 to 10◦ or greater than 10◦ variation.
Pelvic tilt measurement before and after total hip arthroplasty 571
Table 1 Results of pelvic tilt and pelvic incidence mean values in the whole series.
Preoperative At 3-year follow-up P
Mean value Extremes Mean value Extremes
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pPelvic tilt 4.68◦ −6◦ to 1
Pelvic incidence 56.04◦ 40◦ to 8
NS: non-signiﬁcant.
Results
Analysis of intra- and interobserver variations
In the whole series of measurements performed by each
observer, intraclass correlation coefﬁcients evaluating the
agreement between the series of pelvic incidence and pelvic
tilt measurements were greater than 92% (p < 0.05). The
analysis of interobserver variability, reﬂecting the repeata-
bility of measurements, demonstrated a good level of
agreement between the series of measurements with corre-
lation coefﬁcients greater than 93% (p < 0.05). Results were
similar for intraobserver variability (reproducibility) with
correlation coefﬁcients greater than 93% (p < 0.05).
The correlation between the different series of measure-
ments performed by the two observers was also assessed by
comparing preoperative and last follow-up pelvic incidence.
In the whole series of measurements, the mean preoperative
pelvic incidence was 56.04◦ versus 55.96◦ (40—83◦) postop-
eratively. No statistically signiﬁcant differences appeared
between measurements at the 5% threshold, which reﬂects
the agreement between measurements performed by each
examiner.
Results of pelvic tilt measurements
Mean pelvic tilt value was 4.68◦ ± 0.68 (−6 ; 14◦) preopera-
tively.
Mean pelvic tilt value was 4.78◦ ± 0.64 (−5 ; 14◦) postop-
eratively.
When parameters were compared to one another, the
Student t-test did not demonstrate any signiﬁcant differ-
ence at the 5% threshold between pre- and postoperative
pelvic tilt (Table 1). On the whole series, 95% of the patients
showed a pelvic tilt variation of less than 5◦ between pre-
and postoperative measurements whereas a 5 to 10◦ varia-
tion was reported in the other cases (5%).
Evaluation of acetabular component position
Postoperative measurements of the acetabular implant
position according to Widmer [15] reported a mean antev-
ersion of 17.32◦ (11—29◦) and a mean inclination of 43.94◦
(38—56◦).Discussion
The various computer navigation systems aim at improv-
ing the acetabular cup positioning during THA. The anterior
pelvic plane as an anatomical landmark has been widely
e
d
p
d4.78◦ −5◦ to 14◦ NS
55.96◦ 40◦ to 83◦ NS
sed, however, it exhibits some limitations: It is rarely
omparable to the vertical plane in clinical practice [12,13]
nd displays important interindividual variations.
Therefore, the two objectives of that work were: to
ssess the reliability of the angle of pelvic tilt by two exam-
ners independent from the operator and to conﬁrm, among
wide number of patients, the pelvic tilt evolution after
HA [12] in order to integrate the angle of pelvic tilt in the
reoperative planning.
The results of this prospective study in the quiet stand-
ng position suggest that the angle of pelvic tilt is a reliable
nd stable parameter at long-term after THA in 95% of the
atients. The lumbopelvic statics is not signiﬁcantly mod-
ﬁed by total hip prosthesis implantation. Such data are
f great interest for computer-assisted surgery. Once val-
dated, the alpha angle of pelvic tilt may be used during
reoperative navigation planning. These data correlate the
esults of Pinoit et al. [12] who do not ﬁnd any signiﬁcant
ariation in the orientation of the anterior pelvic plane in
he standing position before and after THA in 19 patients.
Recent works have emphasized the need to take the
agittal pelvic and spinal balance into account during
mplantation of the acetabular component. According to the
tudies of DiGioia et al. [8], Nishihara et al. [9], Pinoit et
l. [12] and Philippot et al. [13], the anterior pelvic plane is
ot vertical and shows major intersubject variations in static
onditions. Lembeck et al. [19] have measured the changes
n acetabular functional anteversion according to the vari-
tions of the sacral tilt. Therefore, a 1◦ variation of pelvic
tatics induces a 0.7◦ variation of the functional anteversion.
hese variations were also underlined in the work of Chen
t al. [20], Müller et al. [21], and Tang et al. [22]. Changes
ccurring in the sagittal balance of the lumbopelvic complex
re not meaningless during THA. These changes are poten-
ially responsible for the occurrence of some secondary
omplications such as dislocation as shown in De Thomasson
t al. study. [23]. 3D pelvic orientation should be regis-
ered during THA particularly when using computer-assisted
avigation. The anterior pelvic plane taken as a reference
ay be weighted by the pelvic tilt value which is a param-
ter established in the weight-bearing position, speciﬁc
o each patient and demonstrating no signiﬁcant variation
hen moving to the supine position [13]. The pelvic posi-
ion weighting is made possible by operative strict supine
osition which does not signiﬁcantly modify the degree of
elvic tilt and thus facilitates location of the anterior pelvic
lane. However, these data cannot be validated in the lat-
ral position. Moreover, pelvic tilt variations are observed
uring position changes, speciﬁcally in the sitting position.
This study therefore exhibits some limitations since the
elvic tilt was evaluated in static conditions using a simple
aily practice tool which is lateral radiograph. According
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o the results, the consistency of pelvic tilt is good in the
ajority of the patients but requires to be assessed in
ynamic conditions [24].
From now on, we integrate the angle of pelvic tilt
n our computer-assisted navigation software to improve
cetabular cup positioning in all our patients. Complemen-
ary studies are being conducted by movement analysis in
ynamic situation and appear necessary to evaluate long-
erm evolution in these patients.
onﬂicts of interest
one.
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